Objectives: Thrombolytic therapy is associated with favorable clinical outcomes after successful and rapid recanalization in patients with acute ischemic stroke. This study aimed to evaluate the cost benefits and clinical outcomes at 1 year after intraarterial thrombectomy (IAT) by the rapidity of the successful recanalization.
. Despite its clinical success, the direct cost-effectiveness of IAT remains unexplored.
While IAT is more expensive and requires specialized personnel, its high cost is justified by the improved lifetime clinical outcomes and cost-effectiveness (Aronsson, Persson, Blomstrand, Wester, & Levin, 2016; Ganesalingam et al., 2015; Leppert, Campbell, Simpson, & Burke, 2015) . However, the long-term (>3 months post-IAT) clinical and cost benefits for patients stratified according to the time from symptom onset to recanalization remain unclear.
The aim of this study was to evaluate costs and clinical outcomes at discharge after acute stroke management and 1-year post-IAT. The costs and changes in clinical outcomes were compared based on the symptom onset-to-recanalization of the occluded vessels.
| MATERIALS AND METHODS

| Patients
We reviewed the clinical records and medical costs of 230 patients with acute ischemic stroke who underwent IAT to recanalize occluded intracranial vessels, from October 2010 to May 2015. The inclusion criteria were: (1) age >18 years, (2) arrival at emergency room (ER) within 6 hr of symptom onset, (3) baseline National Institutes of Health Stroke Scale (NIHSS) score ≥4 (Brott et al., 1989) , and (4) unilateral middle cerebral artery (MCA) and/or terminal internal carotid artery occlusion confirmed by cerebral angiography. The study protocol was approved by the Institutional Review Board of a University Hospital and conformed to the tenets of the Declaration of Helsinki; the requirement for informed consent was waived because of the retrospective nature of the study.
| Critical pathways for intraarterial thrombectomy
IAT was performed as a bridging therapy after intravenous thrombolysis (IVT) or as primary therapy, following the critical pathway established at the Regional Cerebrovascular Center of a University Hospital (Jeong et al., 2015) . Briefly, patients who arrived at the ER within 4.5 hr of symptom onset without hemorrhage or significant low density on the initial computed tomography (CT) scan (i.e., less than one-third of the MCA territory) received intravenous recombinant tissue plasminogen activator (does, 0.9 mg/kg). If the patient exhibited no clinical improvement after IVT, and their diffusion-and perfusion-weighted images on magnetic resonance imaging (MRI) mismatched, IAT was performed as bridging therapy. Patients who arrived within 6 hr of symptom onset, but were not IVT candidates, were treated with IAT after confirming the absence of hemorrhage on the initial CT scan and the presence of diffusion-/perfusionweighted image mismatch on MRI. For patients having unclear symptom onset including wake-up stroke, last normal time (LNT) was considered as the symptom onset time. If an unclear-onset patient arrived at ER within 4.5 hr of LNT, IVT was considered for the patient. If an unclear-onset-patient arrived within 6 hr from LNT and showed marked perfusion-diffusion mismatch on initial MRI, IAT was considered for the patient. The thrombus was removed during IAT using a retrievable stent (Solitaire AB, ev3; Covidien, Dublin, Ireland) or a suction device (Penumbra System; Penumbra Inc., Alameda, CA, USA) (Jeong et al., 2015) . Balloon angioplasty and/or stenting were performed if recanalized arteries became reoccluded post-IAT.
| Clinical and functional outcome evaluations after IAT
Patients' demographic characteristics and cardiovascular risk factors were reviewed. Stroke severity and clinical improvement were assessed based on NIHSS score immediately after ER arrival, and immediately, 24-hr, and 3-days post-IAT, and at discharge after acute stroke management. The symptom onset-to-recanalization time was calculated as the time from symptom onset to successful recanalization (defined as thrombolysis in cerebral infarction grade 2b/3) (Roth et al., 2010) post-IAT (Higashida et al., 2003) . Symptomatic intracerebral hemorrhage (ICH) was defined as a large hematoma associated with a ≥ 4-point increase in NIHSS score within 24 hr post-IAT (Khatri, Wechsler, & Broderick, 2007) .
Functional outcomes were assessed according to the modified Rankin Scale (mRS) (Banks & Marotta, 2007) at discharge, 3-months, and 1-year post-IAT. mRS scores of 0-2 were considered a good clinical outcome with functional independence. Hospitalization for acute stroke care, including IAT, and for institutional rehabilitation for 1 year post-IAT was evaluated. Discharge placement (home, rehabilitation institute, nursing facility providing general care, and death) was evaluated after acute stroke care, including IAT, and 1-year post-IAT.
| Costs
Medical costs were divided into (1) direct costs of acute stroke care, including IAT, and (2) costs of rehabilitation care for up to 1 year after acute management. Both acute and rehabilitation care costs were paid based on payment recommendations developed by the National Health Insurance Service (NHIS) of South Korea. The NHIS acute stroke care cost was developed based on the fee-for-service (FFS) system in acute care hospitals. Rehabilitation care costs were based on the co-payment system combined with a diagnosis-related group (DRG) and case-payment. Individual patient's acute management costs were obtained by reviewing their billing records at discharge. Acute care costs included fees for IAT and acute stroke care, including those for the stroke unit and/or ward, neurological/physical examination, bed-side rehabilitation therapy, medications and injections, hemicraniectomy, laboratory tests, and imaging studies, including roentgenogram, CT, MRI, transcranial Doppler, and carotid duplex sonography. Rehabilitation care costs were obtained using the daily co-payment rehabilitation costs and total duration of stay in the rehabilitation institute. Rehabilitation care costs were obtained only for survivors who received rehabilitation therapy during the 1 year post-IAT (the maximum admission period in the rehabilitation institute).
| Cost-utility analysis
To determine the cost utility, stratified by the onset-to-recanalization interval, the quality of life of survivors at 1-year post-IAT was first assessed using the quality-adjusted life years (QALYs), which indicates mortality and differences in the health-related quality of life (Rabin & de Charro, 2001 ) of patients based on the Korean version of the EuroQol-5 Dimensions-3 Level (EQ-5D-3L) questionnaire (Kim, Cho, Uhm, Kim, & Bae, 2005) . Responses to the EQ-5D-3L were obtained from patients or their family members (when the patients could not communicate) by phone at 1-year post-IAT. The individual utility weights for the EQ-5D-3L-based QALY were obtained from a South Korean general population survey (Lee et al., 2009) 
| Statistical analysis
Differences in clinical and radiological variables, including age, sex, risk factors, initial NIHSS score, onset-to-arrival time, IVT before IAT, stroke subtypes, and occlusion site, were analyzed using analysis of variance (ANOVA) with Scheffe's post-hoc tests or chi-square test.
Differences in the length of stay, QALY, and mean rehabilitation care costs at post-acute care discharge and at 1-year post-institutional rehabilitation were also compared among the three groups by ANOVA.
Differences in the rates of complication development, placement after acute management and 1-year post-IAT, and functional independence were compared among the three groups using ANOVA or chi-square test. Multiple logistic regression analysis was performed using all clinical and radiological variables from the univariate analyses to determine independent factors related to home discharge after 1 year. All statistical analyses were performed using SPSS version 22.0 (IBM SPSS Statistics, Chicago, IL, USA). Statistical significance was set at p ≤ .05.
| RESULTS
| Baseline characteristics
The clinical outcome and medical cost data of 230 consecutive patients who underwent IAT (141 males; mean age ± standard deviation,
T A B L E 1 Baseline characteristics
Onset-to-recanalization
No-recanalization (n = 56, %) p-value ≤6-hr (n = 143, %) >6-hr (n = 31, %) 68.6 ± 12.4 years) were compared among the ≤6-hr recanalization (n = 143), >6-hr recanalization (n = 31), and no-recanalization groups (n = 56) ( Table 1) . Age of onset was lower in the ≤6-hr recanalization group (p = .006), but the proportion of male subjects was similar among the three groups (p = .559). The history of previous stroke was less in the ≤6-hr recanalization (p = .032), but the incidence of hypertension, diabetes, and atrial fibrillation was not significantly different (p = .159, p = .293, and p = .660, respectively). The onsetto-arrival time was 1.5 hr in the ≤6-hr recanalization group, 2 hr in the no-recanalization group, and about 5 hr in the >6-hr recanalization group (p < .001). Thus, IVT was performed pre-IAT in half of the patients in the ≤6-hr recanalization (49%) and no-recanalization (43%) groups, and in only 16% of the patients in the >6-hr recanalization group (p = .003). The initial NIHSS scores and the distribution of stroke subtypes did not differ among the 3 groups. Initial MR angiography revealed that MCA occlusion was more frequent in the ≤6-hr recanalization group than in the other two groups (p = .008).
| Clinical outcome differences
Hospital stay for acute stroke care was significantly shorter (9.8 ± 5.8 days) in the ≤6-hr recanalization group than in the other two groups (>6-hr, 13.2 ± 8.1 days; no-recanalization, 16.7 ± 19.3 days, p = .001, Table 2 ). The development of symptomatic ICH, aspiration pneumonia, or other medical complications did not differ significantly among the groups (Table 2) . Clinical outcome analysis revealed that functional independence (0-2 mRS) at discharge (≤6-hr, 57%; >6-hr, 23%; no recanalization, 0) (p < .001), after 3 months (≤6-hr, 71%; >6-hr, 42%; no recanalization, 2%) (p < .001), and after 1 year (≤6-hr, 70%; >6-hr, 40%; no recanalization, 6%) (p < .001) was significantly higher in the ≤6-hr recanalization than in the other groups. However, the mortality rates at discharge (≤6-hr, 4%; >6-hr, 3%; no recanalization, 29%) and after 1 year (≤6-hr, 10%; >6-hr, 16%; no recanalization, 43%) were significantly higher (p < .001) in the no-recanalization group than in the other groups. Forty-eight percent of the patients in the rapid recanalization group (≤6-hr) went home after discharge, while 16%
and 0% of the patients in the late-(>6-hr) and no-recanalization groups went home after discharge (p < .001). One year post-IAT, 72% of the patients in the rapid recanalization group (≤6-hr) were staying at home, compared to 50% and 21% of the patients in the late-(>6-hr) and no-recanalization groups (p < .001).
Multiple regression analysis revealed that a younger age (p = .009),
Male sex (p = .029), low initial NIHSS score (p = .030), and no medical complications (p = .002) could independently predict home-staying at 1-year post-IAT (Table 3) . Recanalization was associated with higher odds (≤6-hr, odds ratio 8.3, p < .001; >6-hr, odds ratio 2.5, p = .047) for
home-staying at 1-year post-IAT, than for no recanalization (Table 3) .
| Cost utility
The overall cost for IAT intervention and acute stroke management for the ≤6-hr recanalization group (mean, $9,191) was lower (p = .004) than that for the >6-hr recanalization (mean, $12,159) and no-recanalization (mean, $11,918) groups (Table 4 ). The costs for IAT intervention was higher in >6-hr and no recanalization than ≤6-hr groups (p = .092). However, hospital room (p = .006), medication and injections (p = .012), laboratory tests (p < .001), bed-side rehabilitation (p = .012), and hemicraniectomy (p = .016) were significantly lower in the ≤6-hr recanalization group than in the other groups (Table 4) .
Cost utility for 1 year after IAT was analyzed for 184 survivors (≤6-hr, 127 patients; >6-hr, 25 patients; no recanalization, 32 patients; Table 5 ) at 1 year post-IAT. The length of stay at a rehabilitation institute 1-year post-IAT differed significantly (p < .001) among groups (≤6-hr, 3 months; >6-hr, 4.5 months; no recanalization, 7.5 months; (Table 5) . Patients in the ≤6-hr group gained 0.14 QALY and directly saved $4,978 more than patients in the >6-hr group; the cost utility of the ≤6-hr group was $35,557/ QALY higher than that of the >6-hr group.
| DISCUSSION
We determined the long-term cost and functional benefits at 1-year post-IAT in patients with acute ischemic stroke. Previous studies have Our study used 6 hr as the threshold time for recanalization for classifying patients undergoing IAT. Shorter onset-to-recanalization intervals in patients with acute ischemic stroke are associated with better clinical outcomes (Jeong et al., 2015) . Previous reports have used onset-to-recanalization time windows of ≤6-hr (Berkhemer et al., 2015) or ≤8-hr (Jovin et al., 2015) to evaluate the functional outcomes of IAT. For example, Jeong et al. recommended 6 hr as the threshold for the onset-to-recanalization interval in order to achieve a 50% chance of functional independence at 3 months after IAT (Jeong et al., 2015) .The optimal time-window for achieving favorable clinical outcomes remains debated; we chose to use 6 hr.
Jørgensen et al. suggested that reliable functional recovery
can be achieved within 12 weeks from the onset of stroke-related symptoms (Jørgensen et al., 1995a) . However, we found that the functional independence measured at 3 months remained unchanged at 1 year post-IAT. Therefore, we chose a 1-year follow-up period to evaluate reliable functional outcomes post-IAT. While the home-discharge rate at 1-year post-IAT was 73% in the ≤6-hr recanalization group, it was only 52% and 21% in the >6-hr and norecanalization groups. In a previous study that evaluated discharge placement as a function of the initial stroke severity, 14% of the patients with very severe stroke (defined as Scandinavian Stroke Scale
[SSS], 0-14; NIHSS score, 25-18 converted using a fitted model (Ali, Cheek, Sills, Crome, & Roffe, 2007) were discharged home, whereas 34%, 74%, and 93% of the patients with severe (SSS, 15-29; NIHSS score, 1.5-10.5), moderate (SSS, (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) NIHSS score, , and mild (SSS, 45-58; NIHSS score, 2.5-0) strokes were discharged home (Jørgensen et al., 1995b) . The majority of our patients presented with severe strokes (mean NIHSS score, 11.5-12.2).
However, after IAT, the home-discharge rate of patients in the ≤6-hr group increased to that of patients with moderately severe strokes.
On the other hand, the home-discharge rates of patients in the >6-hr and no-recanalization groups remained similar to those of patients with severe or very severe strokes.
The cost effectiveness of IAT is usually estimated based on the cost for acute management, and then, the long term costs are calculated using the estimated costs for index stroke previously reported in the individual country (Aronsson et al., 2016; Ganesalingam et al., 2015; Leppert et al., 2015) . The acute management costs for IAT usually increases the standard costs required for IVT, given the expensive devices used and expert personnel required to perform the IAT (Ganesalingam et al., 2015; Leppert et al., 2015) . However, these high costs may be considered acceptable given the incremental lifetime cost-effectiveness ratio of IAT costs remained within a willingness to pay threshold of ≤$50,000/QALY (Ganesalingam et al., 2015; Leppert et al., 2015) . We here separately compared the costs of acute IAT management and those of long-term institutional rehabilitation after IAT. The acute IAT management costs included costs paid for acute stroke care after IAT, as well as for the IAT intervention itself. The IAT intervention cost was less in the ≤6-hr recanalization group than in the >6-hr or no-recanalization groups. After IAT, the admission period was subsequently shorter in the ≤6-hr recanalization group (10 days) than in the >6-hr (13 days) and no-recanalization (17 days) groups.
The costs for hemicraniectomy, hospital room, clinical management, and laboratory work-up was higher in the >6-hr and no-recanalization groups than in the ≤6-hr recanalization group. Ultimately, the total acute management costs were 30% lower in the ≤6-hr recanalization group ($9,101) than in the >6-hr ($12,159) or no-recanalization ($11,918) groups.
Furthermore, we analyzed long-term cost utility using QALY (measured using the EQ-5D-3L responses) and the cost of institutional rehabilitation of functionally dependent patients during the 1 year after IAT. Patients in the ≤6-hr group gained 0.14 QALY and directly saved $4,978 more than did patients in the >6-hr group; the cost utility of the ≤6-hr group was $35,557/QALY higher than that of the >6-hr group. We found that recanalization of the occluded vessels in <6-hr results in significant cost utility by improving functional independence and shortening the institutional rehabilitation period post-IAT.
The present study revealed the importance of rapid recanalization in <6-hr in reducing the economic burden caused by long-term institutional rehabilitation after IAT. To increase the likelihood of rapid recanalization by IAT in patients with acute ischemic stroke, comprehensive stroke centers with experienced personnel should be established, where round-the-clock IAT is available. Even though the US and several European countries have established such centers (Gorelick, 2013; Leys, Ringelstein, Kaste, & Hacke, 2007) , other countries face economic and expertise-related limitations. Governments, including that of South Korea, should rapidly establish comprehensive stroke centers (Kim et al., 2014 ).
The present long-term cost analysis has several limitations due to its retrospective study design. South Korea has been using the co-payment system combined with DRG and case-payment for long-term institutional rehabilitation costs. Thus, retrospective cost analysis cannot evaluate costs incurred towards individual services, such as rehabilitation, medication, injection, laboratory tests, and imaging tests. We did not include indirect costs, such as loss of income and social benefit payments (Saka, McGuire, & Wolfe, 2009 ).
Moreover, the costs of evaluating and treating recurrent stroke in the included patients were not included in the cost analysis. Thus, the overall socioeconomic benefits of IAT could not be analyzed in the present study. Although we describe the actual costs incurred towards acute and long-term management of IAT, rather than estimating the cost effectiveness of IAT, further studies, including individual service costs, indirect costs, recurrence-related costs, and direct long-term costs, are needed to evaluate the overall socioeconomic benefits of IAT.
| CONCLUSIONS
The present study demonstrated the long-term functional and economic benefits of IAT at 1 year in patients with acute ischemic stroke stratified according to the onset-to-recanalization time. Rapid recanalization (≤6-hr) could affect functional independence in 70% of the patients, which is significantly more than for the >6-hr and norecanalization groups. Therefore, the admission duration for acute management and the chance and duration of institutional rehabilitation was significantly reduced in the ≤6-hr recanalization group.
Finally, the cost utility of the ≤6-hr recanalization group was higher than that of the >6-hr recanalization group.
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